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90 species "bulk" to be available in the adjacent compartment and trade places. If no bulk species 91 are present in a compartment no molecular species can diffuse into it. 92 93 The simulation code also supports non-Fickian (environment-sensitive) diffusion kinetics. This 94 was implemented as follows to test the possibility of non-Fickian diffusion in Scenarios 1A and 95 2A (See Section 9 below).. In these these model scenarios, the production of carbon backbone 96 species with a carbon number less than 16 results in the conversion of the free volume species 97 "bulk" into a separate free volume species "bulk2" that can undergo exchange diffusion with all 98 functional groups and carbon backbones with a different diffusion coefficient of 8.3 × 10 -14 cm 2 99 molecules -1 s -1 . The species "bulk2" otherwise is treated in the model exactly like the original 100 "bulk" free volume species. The results from the simulations are corrected to account for the fact that a radial core of 111 constant cross section does not correctly represent the cone appropriate to a spherical particle. 112 The core overweights the contributions to the composition from the compartments toward the 113 center of the particle, and the extent of overweighting decreases as the particle loses mass. The 114 correction is as follows. The thickness of each Cartesian compartment in the radial direction is 115 considered to be the same as the thickness of an equivalent spherical shell. The initial radial (r i ) 116 and final radial coordinates (r f ) are then used to find the volume a spherical shell (V shell ) as 117 follows:
(S1) 119 The ratio of the volume of the shell and the volume of the Cartesian compartment (V box ) is then 120 used to weight the amount of any given species (N) by its position in along the radial axis as 121 follows:
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S2.
Uncorrected and shape-corrected experimental particle size as a function of
126

OH exposure
127
The simulations assume a spherical aerosol particle shape; however, the semisolid 128 triacontane aerosol formed in the experiment is likely non-spherical. 10 In addition, the effective 129 density of the particles derived from the ratio of the vacuum aerodynamic diameter and the 130 mobility diameter of the aerosol is 0.73 g cm -3 when the actual density of triacontane is much 131 higher (0.81 g cm -3 ). Further evidence for a shape change in the aerosol is observed by the sharp 132 discontinuity in the mass in between an OH exposure of 3 × 10 11 molecules cm -3 s and 10 12 133 molecules cm -3 s.
134
To correct for the non-spherical shape of the aerosol for these first few points, a dynamic 135 shape factor was applied to the experimental mass estimate for the unreacted triacontane and the 136 first two points in the oxidation. 11 The dynamic shape factor used for triacontane was 1.07 and 137 based on the ratio of the effective and actual density of the starting material. The first two 138 measured points in the oxidation were assumed to have dynamic shape factors of 1.03 and 1.015, 139 although these are far more uncertain because the actual density of the particles once they are 140 oxidized is unknown. Fortunately, despite this uncertainty, correcting these points for a non-141 spherical shape is far less important for an accurate model-measurement comparison than 142 correcting the initial triacontane aerosol mass for shape since the data are normalized to the 143 initial mass. After the second measured point in the oxidation, the aerosol is assumed to be 144 spherical with a dynamic shape factor of 1.0. After the initial mass is corrected for shape, the 145 change in aerosol mass upon oxidation becomes much more continuous during the initial stages 146 in oxidation. The corrected and uncorrected mass data, the effective density, and the average 147 volume are given in the Table S4. 148 Table S2 In our previous work on squalane oxidation, we used two different descriptions. In the first, 158 reaction-diffusion out to 3 generations was simulated using compartments with surface areas of 159 80 x 80 nm, 1 nm thick and involved explicit adsorption. 12 This study showed that multi-160 compartment and single-compartment reaction simulations are equivalent for squalane out to 3 161 generations of oxidation, where volume loss is minimal. In the second, semidetailed simulations 162 of squalane functionalization and fragmentation to 10 generations involved a single compartment 163 and implicit adsorption because the system was well-mixed. 8 We used the semi-detailed 164 mechanism for squalane in a reaction-diffusion model with sixteen 5 nm × 5 nm × 5 nm 165 compartments (equivalent to the 160 nm diameter particle). These compartments are large to 166 make the simulations practical, smaller compartments are computationally much more expensive 167 because of the rapid diffusion kinetics. 
S5.
Semi-detailed description of acyloxy radical fragmentation processes 335 When a fragmentation reaction is initially selected by the simulation algorithm, the reaction is 336 separated into three separate steps as shown schematically for R(O)O radicals in Fig. S2 . 337 Following loss of CO 2 , a neighbouring functional group is randomly selected with a probability 338 proportional to the relative abundance of each group to form the appropriate radical fragment. 340 Finally, the simulation randomly selects a carbon backbone species with a probability 341 proportional to the relative abundance of each type and a fragmentation step to form smaller 342 carbon fragments. For example, for a secondary RO radical, a 20 carbon backbone may fragment 343 to form two of any of the following possible carbon backbone species: C 2 and C 18 , C 3 and C 17 , C 4 344 and C 16 , C 5 and C 15 , C 6 and C 14 , C 7 and C 13 , C 8 and C 12 , C 9 and C 11 , or two C 10 species. 
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